Abstract: This study was conducted to assess the effects of L-arabinose on the antioxidant and drug metabolizing enzymes in rats. Forty-eight rats were equally divided into six groups. The rats in three groups were respectively administered with 500, 1 000 and 2 000 mg/kg L-arabinose for 38 days. In blank control, L-arabinose was replaced by an equal volume of distilled water. In two positive control groups, the rats were intraperitoneally injected with 80mg/kg sodium barbital or dexamethasone for three consecutive days since the 36 th day. Twenty-four hours after the last dose, blood was sampled from their femoral artery. And the activities of antioxidant enzymes and the concentration of free radicals in serum were measured. Rat liver tissues were collected and homogenized, centrifuged at 4 000 r/min and 4 ºC. Then, a portion of the supernatant was used for the measurement of the activities of antioxidant enzymes and the concentration of free radicals. Liver microsomes and cytoplasmic fluid were obtained by differential centrifugation. The concentration of cytochrome b 5 , the activities of three phase-I metabolic enzymes NADPHcytochrome C reductase, CYP3A, CYP2E1 and two phase-II metabolic enzymes glutathione-S-transferase (GST) and UDP-glucuronyl-transferases (UGT) were measured using double-beam UV/Vis spectrophotometry. The treatment with 2 000 mg/kg L-arabinose significantly reduced the SOD and GSH-PX activities in rat serum, the NOS activity, MDA concentration, NO concentration in liver tissue, greatly increased the GST activity in liver tissue, microsomes and cytoplasmic fluid, and greatly reduced the UGT activity in microsomes and cytoplasmic fluid. The treatment with 1 000 mg/kg L-arabinose significantly reduced the NO concentration in rat serum, and the UGT activity in microsomes and cytoplasmic fluid. The treatment with 500 mg/kg L-arabinose significantly reduced the GSH-PX activity, the NO concentration in rat serum and the NOS activity in liver tissue. L-arabinose can decrease the antioxidant capacity in rat blood and the concentration of free radicals in rat liver. L-arabinose has no adverse effect on the major drug-metabolizing enzymes in rat, but it reduces the activities of phase-II drug-metabolic enzymes GST and UGT to a certain degree, suggesting that no or slight metabolic drug-drug interactions in liver can be induced by the combined use of L-arabinose and drugs.
Introduction
Antioxidant enzymes are an important class of specific and closely related enzymes that can scavenge free radicals and protect organisms from the injury of reactive oxygen species [1] [2] . A free radical is a highly active molecule generated during life activities in human bodies. Under normal circumstances, a dynamic equilibrium exists between the generation and scavenging of free radicals.
6th International Conference on Advanced Design and Manufacturing Engineering (ICADME 2016) However, diseases or some exogenous substances (such as radiation) will result in the abnormal metabolism of free radical and then excessive free radicals will be accumulated. The oxidative stress response caused by excessive free radicals will cause various diseases [1, 3] . Phase-I and phase-II drug metabolizing enzymes are respectively responsible for the metabolism of exogenous and endogenous substances. Cytochrome P450 is a major phase-I enzyme responsible for drug metabolism, and phase-I enzymes like UDP-glucuronosyl transferase (UGT) and glutathione-S-transferase (GST) can accelerate the metabolism of environmental pollutes, carcinogens, poisons and son on [4] [5] . Metabolic drug interactions mean two or more types of drugs have interferences to each other during metabolism after they are taken, which may enhance or weaken drug effect or produce toxics to human bodies. Forty percent of metabolic drug interactions occur during the four stages of pharmacokinetics, which are mainly caused by the inhibition or induction of CYP450 [6] [7] [8] [9] [10] .
L-arabinose is a monosaccharide containing five carbon atoms and an aldehyde (CHO) functional group. It is the second most abundant sugar in plants after D-xylose. In nature, most monosaccharides exist as the "D"-form, but L-arabinose is an exception. However, L-arabinose is rarely present in the form of monosaccharides, but mainly in the form of heteropolysaccharide in hemicellulose, pectic acid and some glycosides [11] . In addition, L-arabinose is a low-calorie sweetener, with good physical activity and functions. It is classified as an anti-obesity nutritional supplement and non-prescription drug by U.S. 
Methods
Forty-eight rats were equally divided into six groups. The rats in three groups were orally administered with 500, 1 000 and 2 000 mg/kg L-arabinose for 38 consecutive days. In negative control group, L-arabinose solution was replaced by an equal volume of distilled water. In two positive control groups (administered with sodium barbital or dexamethasone), the rats were intraperitoneally injected with 80 mg/kg sodium barbital or dexamethasone for three consecutive days since the 36 th day.
Measurement items
After the last dose of was given, all the rats were fasted for 24 h with free access to water, and then blood was sampled from their femoral artery. Serum was separated by low speed centrifugation and stored at -20 ºC for later analysis. Subsequently, the rats were sacrificed and their livers immediately excised, thoroughly washed with ice-cold 0.9% saline till the remaining blood was white clay-like. The liver samples were surface-dried with filter-paper, weighed, and immediately cut into pieces with a pair of scissors, soaked in ice-cold (4 ºC) 0.05 mol/L Tris-0.15 mol/L KCl (pH7.4) buffer, homogenized, centrifuged at 4 000 r/min, 4 ºC for 15 min to remove the precipitate. A portion of the supernatant was stored, and the remaining was centrifuged at 10 000 g, 4 ºC for 20 min to remove the precipitate. Then, the supernatant was centrifuged again at 10 000 g, 4 ºC for 60 min. The resulting precipitate was microsomes, and the supernatant was cytoplasmic fluid. The assays for alanine aminotransferase (ALT), aspartate aminotransferase (AST), glutathione S-transferase (GST), superoxide dismutase (SOD), glutathione peroxidase (GSH-PX), malondialdehyde (MDA), nitric oxide (NO), creatinine (Cr), urea nitrogen (Ur), total antioxidant capacity (T-AOC), hydrogen peroxide (H 2 O 2 ), hydroxyl radical (·OH), nitric oxide synthase (NOS), catalase (CAT), glutathione reductase (GR) and glutathione (GSH) were performed according to the manufacturer's instructions. Aminopyrine-N-demethylase activity (CYP3A), aniline hydroxylase activity (CYP2E1), GST, the content of cytochrome b 5 , NADPH-cytochrome C reductase (P-450 reductase) activity and UDP-glucuronyl -transferases (UGT) activity were measured with the methods for pharmacological experiments.
Statistical analysis
All the data were expressed in terms of ±s, and t test was performed to compare the data between groups. Microsoft Excel was adopted for data processing.
Results and Analysis
Effects of L-arabinose on serum ALT, AST and GST in rat As shown in Table 1 , the serum ALT, AST and GST in the rats administered with 500, 1 000 and 2 000 mg/kg of L-arabinose for 38 days did not change greatly, compared with those of negative control. Table 1 Effects of L-arabinose on serum ALT, AST and GST ( ±s, n = 8) Effects of L-arabinose on serum Cr and Ur in rat It could be concluded from Table 2 the serum Cr and Ur in the rats administered with 500, 1 000 and 2 000 mg/kg of L-arabinose for 38 days had no significant difference from those of negative control. Effects of L-arabinose on serum T-AOC, SOD, GSH-PX, MDA and NO As it could be seen from Table 3 , serum NO in the rats administered with 500 mg/kg of L-arabinose for 38 days was significantly lower than that of negative control (at P<0.05 level); serum GSH-PX in the rats administered with 500 mg/kg of L-arabinose for 38 days showed an extremely significant reduction, compared with that of negative control (at P<0.01 level); serum NO in the rats administered with 1 000 mg/kg of L-arabinose for 38 days showed an extremely significant decrease (at P<0.01 level) and that in the rats administered with 2 000 mg/kg of L-arabinose for 38 days showed a significant decrease (at P<0.05 level), compared with that of negative control. Serum SOD in the rats administered with 2 000 mg/kg of L-arabinose for 38 days showed a significant reduction, compared with that of negative control (at P<0.05 level), and serum GSH-PX in the rats administered with 2 000 mg/kg of L-arabinose for 38 days showed an extremely significant reduction, compared with that of negative control (at P<0.01 level). *represents significant differences at P<0.05 level and **represents extremely significant differences at P<0.01 level, compared with the negative control.
Effects of L-arabinose on SOD, MDA, NOS, NO, CAT and H 2 O 2 in liver tissue
As could be seen from Table 4 , compared with that of the negative control, the NOS activity and NO content in liver tissue of the rats administered with 500 mg/kg of L-arabinose for 38 days showed an extremely significant reduction, (P <0.01); and the NOS activity of the rats administered with 2 000 mg/kg of L-arabinose also showed an extremely significant reduction (P <0.01); and the MDA content of the rats administered with 2 000 mg/kg of L-arabinose showed a significant decrease (P<0.05) *represents significant differences at P<0.05 level and **represents extremely significant differences at P<0.01 level, compared with the negative control.
Effects of L-arabinose on GSH, T-AOC, GST, GSH-PX, GR and ·OH in liver tissue of rat
It could be concluded from Table 5 that the GST activity in liver tissue of rat administered with 2 000 mg/kg of L-arabinose for 38 days was significantly increased, compared with that of the negative control (P<0.05). *represents significant differences at P<0.05 level , compared with the negative control.
Effects of L-arabinose on GST and UGT activity in liver tissue of rat
It could be concluded from Table 6 that UGT activity in liver tissue of the rats administered with 1 000 mg/kg of L-arabinose for 38 days exhibited an extremely significant decrease (P<0.01), compared with that of the negative control. Compared with the negative control, the treatment with 2 000 mg/kg L-arabinose significantly improved GST activity ( P <0.05), and extremely and significantly reduced UGT activity (P<0.01); the treatment with sodium barbital extremely and significantly increased the GST and UGT activities in liver tissue (P<0.01); the treatment with dexamethasone also significantly increased UGT activity (P<0.05). Table 6 Effects of L-arabinose on GST and UGT in liver tissue of rat ( ±s, n = 8) Effects of L-arabinose on CYP3A, CYP2E1, cytochrome b5, NADPH-cytochrome C reductase activities in liver tissues of rat As shown in Table 7 , compared with the negative control, the treatment with sodium barbital significantly improved CYP3A activity (P<0.05); the treatment with dexamethasone extremely and significantly increased CYP3A activity and NADPH-cytochrome C reductase activity (P <0.01). *represents significant differences at P<0.05 level and **represents extremely significant differences at P<0.01 level, compared with the negative control.
Conclusions
ALT and AST are both sensitive indicators of liver injury. GST is a phase-Ⅱ drug-metabolizing enzymes abundantly found in liver cells, and serum GST activity is positively correlated with the degree of liver injury [12] . This study found that the liver ALT, AST and GST activities of the rats administered with L-arabinose for a long period of time were not increased, indicating that Larabinose was not toxic to the liver. The generation, metabolism and discharge of Cr and Ur were little affected by extra-renal factors, and thus can be used as ideal indices of kidney function [13] .
This study found that the Cr and Ur levels in rats administered with L-arabinose were not significantly increased, suggesting that L-arabinose was not toxic to kidney. SOD, an important intracellular oxygen radical-scavenging enzyme, catalyzes the dismutation of superoxide anion into HO and oxygen molecules, and thus protects cells from the damage caused by free radicals [14] .
GSH-PX is an important enzyme that catalyzes the decomposition of hydrogen peroxide, and it also catalyzes the reduction of alkyl hydroperoxide and phospholipid hydroperoxide, protecting extracellular fluid and cell surface from the damage caused by peroxides [15] . It is found that oxidative stress is a major contributor to kidney injury. A dynamic equilibrium exists between oxidation and antioxidation under normal circumstances, and it will be broken when the antioxidant defense system is damaged, and the free radicals will be greatly increased. And the increased free radicals may cause injury to kidney. Our results revealed that L-arabinose can suppress the activities of serum SOD and GSH-PX. NO is an extremely unstable biological radical, and widely distributed in various tissues, and in particular nervous tissues. It is a new biological messenger molecule, generated by the catalysis of nitrogen oxide synthase (NOS), and plays an important role in cardiovascular, cerebrovascular, nervous and immune regulation. However, we found that L-arabinose at all doses reduced the NO level in rat serum; 2 000 and 5 000 mg/kg L-arabinose greatly reduced the NOS activity in liver tissue, and 2 000 mg/kg L-arabinose also greatly reduced the NO concentration in liver tissue, indicating that L-arabinose possibly change cardiovascular, cerebrovascular, nervous and immune regulation in human bodies. Cytochrome P450 enzyme system consists of three parts: hemoglobin, including cytochrome P450 and cytochrome b5; flavin proteins, including NADPH-cytochrome C reductase and NADPH-cytochrome b5 reductase; lipids, mainly including phospholipids choline. All the three parts together constitute the electron transfer system. Cytochrome b5 is a part of electronic transfer of cytochrome P450, which is involved in drug oxidation. NADPH-cytochrome C reductase transfers the electrons from NADPH to cytochrome P450 during the metabolism of certain drugs, and thus converts the oxidized form of cytochrome P450 to its reduced form. Among all the members of cytochrome P450 superfamily, CYP3A is the most important. According to previous studies, about 50% of commercially available drugs are metabolized by CYP3A [6] [7] [8] . CYP2E1
converts the procarcinogens into carcinogens by catalyzing dealkylation and denitration. Its activity varies slightly in different organisms. So far it has been proven that the activity of CYP2E1 is the same in human and animals, so the information of CYP2E1 from animals has important reference significance to human [16] . Induced phase-Ⅱ metabolic enzymes such as uridine diphosphateglucuronyl transferase and glutathione transferase can speed up the metabolism of environmental pollutes, carcinogens, poisons and etc. Glutathione -S-transferase (GST), a phase-Ⅱ metabolic enzyme with multiple functions, catalyzes the reactions between GSH and various electrophiles, free radicals in living bodies, so that GSH can be excreted with bile or urine. UGT is the most important microsomal enzyme for phase II biotransformation of chemical substances in living bodies. About 35% of the drugs metabolized via phase-II enzymes were metabolized through UGT. After entering into liver cells, free bilirubin is combined to glucuronide at first under the catalysis of UGT-1 to form water-soluble bilirubin glucuronide and thus can be excreted [17] . Pentobarbital sodium is a classical inducer to CYP3A, GST and UGT; dexamethasone is also a classical inducer to CYP3A and UGT. Our results found that pentobarbital sodium significantly improved the activities of CYP3A, GST and UGT; dexamethasone significantly increased the activities of CYP3A and UGT, suggesting that the results of this study were reliable. L-arabinose had little effects on cytochrome b5, NADPH-cytochrome C reductase, CYP3A and CYP2E1 levels in rat liver tissue. 2 000 mg/kg L-arabinose improved GST activity in liver tissue; 2 000 and 1 000 mg/kg L-arabinose increased UGT activity in liver tissue, indicating that L-arabinose had no effects on drug metabolizing enzymes. The results proved L-arabinose can be used safely. As it can reduce UGT activity, L-arabinose should be used cautiously for the treatment of pathological jaundice.
